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Preface

Pathogen attack has been one of the chief constrains that reduce crop productivity 
worldwide. Plants have established sophisticated mechanisms to counter and accli-
matize over these invading pathogens at physiological, biochemical as well as 
molecular levels. Due to severe crop losses by pathogen outbreak, it is mandatory to 
completely understand the resistance/defense mechanisms against pathogen and 
develop advanced tactics to improve biotic stress tolerance in crop plants.

We present this book with an objective to realize the plant defense against differ-
ent pathogens better and to document fundamentals as well as recent findings. This 
book has an amalgamation of basic information about disease resistance along with 
current insights into plant-pathogen interaction. The book has 15 chapters to dis-
seminate the most updated information and detailed overviews on the present 
knowledge on molecular aspects of plant responses and adaptation to biotic stresses. 
This book is an essential reading for researchers and professionals in plant pathol-
ogy, cell biology, molecular biology and genetics. This is highly recommended for 
the ones who are involved in plant disease resistance and crop improvement and to 
all plant scientists and undergraduates.

Depending on their modes of nutrition, phytopathogens have been categorized as 
necrotrophs, biotrophs and hemibiotrophs. These pathogens can be bacterial and fun-
gal and cause various diseases in plants. In addition, viruses are another important 
class of pathogens and are causal agents for many common plant diseases. Plants 
counter to pathogens by activating a cascade of genes, encoding different receptors, 
signaling and protective molecules. During biotic stress, first of all effector mole-
cules i.e. pathogen-associated molecular patterns (PAMPs) are perceived by plant 
recognition receptors (PRRs), after which PRRs interact with additional trans-mem-
brane proteins that act as signaling adapters or amplifiers to achieve full functionality 
and PAMP triggered immunity (PTI). Defense response by receptor-like protein is a 
complex strategy, characterized by specific interaction between disease resistance 
(R) genes of plants and corresponding avirulence (avr) genes of pathogen that induce 
effector-triggered immunity (ETI) through hypersensitive response.

The NBS-LRR genes are important class of resistance gene families and their 
products recognize factors secreted by pathogens, which activates downstream sig-
naling pathways leading to defense. Mitogen-activated protein kinases (MAPKs), 
which are cell-signaling enzymes that also show vital functions in transmitting 
extracellular signals to the nucleus during biotic stress. To achieve defense against 
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pathogen, transcription factors such as WRKY transcription factors bind to plant-
specific cis-regulatory elements and activate gene expression thereby inducing tran-
scriptional reprogramming and proteomic alterations to coordinate the perception 
and activation of pathways specific to the type of pathogen in question. Mainly 
phytohormones, small RNAs and other factors regulate this change at transcript 
level and protein level. Amongst all the targets, the induction and accumulation of 
pathogenesis-related (PR) proteins and biosynthesis of secondary metabolites are 
an integral component of innate immune responses in plants during pathogen attack.

Overall this volume will convey an overview of plant-pathogen interactions   
and it is a must read to understand this process for the genetic improvement of crops 
for disease resistance.

We are obliged to the authors of various chapters of this book for writing their 
chapters methodically and with great responsibility. We are extremely thankful to 
Dr. Rama, Principal, Hans Raj College, University of Delhi and Dr. Ajay Arora, 
Principal, Deshbandhu College, University of Delhi for providing overall support 
for our research and academic pursuits. We would also like to convey our gratitude 
to Dr. V. K. Kawatra, Mr. P. K. Singh and Dr. Vijay Rani Rajpal for always motivat-
ing us. We appreciate the beautiful ambiance created by our little angels Saumya 
and Kimaya, which allowed us to work tirelessly and gave us all emotional support. 
We are grateful to our parents for their constant support and blessings. Last but not 
the least, our sincere thanks to the handling editors and publisher.

We are optimistic that this book will be effective in broadcasting the latest knowl-
edge about the plant-pathogen interaction.

New Delhi, India� Archana Singh 
 � Indrakant K. Singh 
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1Arabidopsis thaliana as a Model 
Organism to Study Plant-Pathogen 
Interactions

Shachi Agrawal

Abstract
Arabidopsis thaliana (a crucifer) provides a model system in every discipline of 
plant sciences including plant pathology with a varied array of molecular and 
genetic resources and biological information. Members of crucifer are widely 
distributed geographically and are well adapted to various plant pathogens such 
as fungi, bacteria, viruses, and nematodes. Besides small plant size, short life 
cycle, small genome size, availability of whole genome sequence, and easy 
genetic and mutational analysis, its response to the pathogen attack in a similar 
fashion as other higher plant species and an extensive collection of mutants avail-
able to determine defense pathway are the characteristics, which identify this 
plant as an indispensable research model in plant-pathogen interaction studies. 
This chapter mainly focuses on various existing model pathosystems of 
Arabidopsis with viral, bacterial, and fungal pathogens including an outlook on 
how this knowledge can be translated from Arabidopsis-pathogen model system 
to other crop plants. A general and brief overview of plant-pathogen interactions 
and how A. thaliana recognize and respond to pathogens is also portrayed.

Keywords
Effector molecules · Hypersensitive response (HR) · Plant defense · Plant 
defensin gene · PR proteins · Resistance genes · Signal molecules · Systemic 
acquired resistance (SAR)
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1.1	 �Introduction

When a pathogen attacks a plant, either a pathogen can proliferate and can cause 
development of disease or the plant can resist the pathogen by means of active or pas-
sive form of resistance. During resistance, plants recognize a race-specific avirulence 
determinant produced by the pathogen (Keen 1990; Scofield et al. 1996; Tang et al. 
1996); defense mechanisms are activated leading to hypersensitive response (HR) 
(Matthews 1991). At the same time, expressions of pathogenesis-related (PR) proteins 
as well as plant defensins are induced due to gene-for-gene interactions and rapid 
localized cell death (Narasimhan et al. 2001; Asano et al. 2012). Signaling molecules, 
salicylic acid (SA), jasmonic acid (JA), ethylene (ET), and reactive oxygen species 
(ROS) are directly involved in plant defense against pathogens (Clarke et al. 2000; 
Kunkel and Brooks 2002; Hossain et al. 2007; Asano et al. 2012). There is rich infor-
mation on plant-pathogen interaction on many species. Advanced molecular tools are 
also accessible that can be used to study the function and evolution of genes that are 
important for plant defense such as those that control responses to wide range of 
pathogens. However, studies in molecular plant pathology require large initial invest-
ments in molecular technologies. It is cost-effective since these investments are shared 
among multiple laboratories by means of publications, bioinformatic tools, and data-
bases such as TAIR. Moreover, researchers gain in-depth biological understanding 
when they compare and match previous studies from a research community that 
shares the tools and resources of model organisms. Although, it is imperative to study 
individual plant-pathogen interactions at species level to gain better knowledge. But, 
at the same time, A. thaliana serves as a model system to answer many basic questions 
related to plant-pathogen interaction due to availability of complete genome sequence 
and having a small genome size together with the extensive collection of new mutants 
and germplasm as well as the presence of specialized transformation techniques, its 
rapid growth, can be handled easily in the laboratory conditions, mutagenesis can also 
be done easily and the possibility of using microarrays for gene expression analysis. 
Arabidopsis is susceptible to only a limited number of pathogens including viruses, 
bacteria, fungi, nematodes, and insect pests, and it responds to the pathogen attack in 
a similar fashion to those of other higher plant species.

A. thaliana (L.) Heynh. is an annual flowering plant that belongs to mustard fam-
ily (Cruciferae or Brassicaceae). It is a native of Eurasia, which has a broad natural 
distribution throughout Europe, Asia, and North America. Of late it has been intro-
duced and naturalized worldwide. It is speculated that its spread was facilitated by 
the expansion of agriculture (Francois et al. 2008). A. thaliana is considered as a 
weed as it grows in open or recently disturbed habitats. Arabidopsis shows exten-
sive natural variation for different developmental, abiotic, and biotic stress resis-
tance traits (Koornneef et al. 2004; Alonso-Blanco et al. 2009; Atwell et al. 2010). 
Till date, over 750 different ecotypes (accessions) of A. thaliana have been collected 
from natural populations that are available for experimental analyses. The most 
commonly used ecotypes of Arabidopsis for genetic and molecular studies are 
Columbia (Col) and Landsberg erecta (Ler). The entire life cycle of A. thaliana is 
completed in 6 weeks, which includes seed germination, rosette formation, bolting, 
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flowering, and maturation of seeds. The plant is a small-sized herb with overall 
length of around 15–20 cm; leaves are 1.5–5 cm long and 2–10 mm broad. Flowers 
(2 mm length and 3 mm diameter) undergo self-pollination but can be crossed man-
ually. The fruit is called a silique (5–20 mm long) that contains 20–30 seeds. On 
germination, the seed develops into a rosette plant (2–10 cm diameter), wherein the 
whorls of leaves are covered with trichomes (Fig. 1.1). Under laboratory conditions 
Arabidopsis can be grown easily in petri plates, pots, or hydroponics, either under 
fluorescent lights or in a greenhouse. Inflorescence is a corymb that appears as a 
result of bolting after 3 weeks of planting. Several hundred siliques are produced 
per plant, which account for more than 5000 total seeds. The plant has a single pri-
mary root that grows vertically downward and produces smaller lateral roots that are 
easy to study in culture.

1.2	 �Plant-Pathogen Interactions

An array of pathogens including fungi, bacteria, and viruses attack the plant king-
dom. Different strategies have been devised by different pathogens to invade, feed 
on, and reproduce in the host plants. Pathogens can be broadly classified as biotrophs 
and necrotrophs based upon the strategy used by them to invade and infect a plant 
(Oliver and Ipcho 2004). Biotrophic pathogens are those that require a living host 
tissue for its growth and reproduction. In some cases wherein the tissue dies in the 
later stages of the infection, the pathogens are classified as hemibiotrophs. On the 

Fig. 1.1  An Arabidopsis 
plant grown under 
laboratory condition
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contrary, necrotrophic pathogens kill the host tissue as soon as they infect it and then 
grow and feed on the dead tissue. Viruses are classified as biotrophic pathogens, 
whereas bacteria and fungi follow both biotrophic as well as necrotrophic strategies 
of invasion. Plants respond to different kinds of pathogens differently. Pathogens can 
further be classified as those with different primary target tissues encountering differ-
ent environmental conditions. Those pathogens that target the green, photosynthesiz-
ing, and assimilate-producing source tissues like leaves will encounter different 
kinds of defense responses in comparison to pathogens infecting the assimilate-
importing tissue such as roots, flowers, and sink leaves (Berger et al. 2007).

Plant defense mechanism against pathogens can be either preformed (primary) 
or induced (secondary). The first and foremost step required for the activation of 
defense response is to recognize the presence of microorganisms. Elicitors are mol-
ecules that at very low concentrations induce plant defense response (Thakur and 
Sohal 2013). Recognition of microorganism-derived elicitors initiates the basal 
resistance in plants. This defense response involves activation of ion fluxes, phos-
phorylation/dephosphorylation of proteins by protein kinases and phosphatases, 
and production of signaling molecules such as adapter proteins, salicylic acid, jas-
monic acid, ethylene, reactive oxygen species, and nitric oxide. These steps further 
initiate an array of signaling that leads to the regulation of expression of defense-
related genes and the induction of defense responses. These responses include cell 
wall strengthening, accumulation of phytoalexins and pathogenesis-related (PR) 
proteins, and localized programmed cell death (PCD) (McDowell and Dangl 2000; 
Dangl and Jones 2001; Garcia-Brugger et al. 2006).

Plants also possess an innate immune system that perceives the presence of 
pathogens by recognition of molecules known as microbe- or pathogen-associated 
molecular patterns (MAMPs or PAMPs, respectively) or by sensing effector pro-
teins secreted by the host during plant-pathogen interactions. Early interactions 
between PAMPs/MAMPs and cell surface receptors (pathogen recognition recep-
tors or PRRs) lead to appropriate defenses by activating multicomponent and mul-
tilayered responses. The establishment of defense is triggered by several pathways 
that can involve Ca2+ influx, generation of reactive oxygen and nitrogen species 
(ROS and RNS, respectively), and synthesis of phytohormones such as jasmonic 
acid (JA), salicylic acid (SA), and ethylene (ET), which act as signal molecules 
(Pieterse et al. 2009). Plant immunity may be described at two levels (Jones and 
Dangl 2006). The first one involves cell surface pattern recognition receptors (PRRs) 
to detect pathogen-associated molecular patterns (PAMPs) and initiate PAMP-
triggered immunity (PTI). The second involves nucleotide-binding leucine-rich 
repeat (NB-LRR) proteins, encoded by resistance (R) genes, which sense pathogen 
effectors and elicit a potent immune response called effector-triggered immunity 
(ETI). ETI is faster, longer, and stronger than PTI and usually leads to a local cell 
death, the hypersensitive response (HR), which stops the spread of the pathogen 
(Jones and Dangl 2006). In some cases, pathogens can evade such recognitions also 
and suppress host immunity with effectors, causing effector-triggered susceptibility 
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(ETS). R proteins recognize some effectors that enable the pathogen to overcome 
PTI, and the effectors are thus termed an avirulence (Avr) protein (Jones and Dangl 
2006).

As per our current understanding, virulence of the virulent pathogenesis is con-
tributed by the production of effector molecules which thereby suppress plant 
defense, and thus the compatible interactions allow the spread of the pathogen in the 
susceptible plant (Jones and Dangl 2006). Herein the pathogen proliferates at a rate 
in which the plant defense could not keep pace with that subsequently leads to the 
development of disease and necrosis. On the other hand, in resistant plants, the spe-
cific resistance is governed by the recognition of the activity of pathogen effector 
molecules (race-specific avirulence determinant) by plant receptor proteins (Keen 
1990; Scofield et al. 1996; Tang et al. 1996; Berger et al. 2007). Hence, these incom-
patible interactions prevent the pathogen from spreading and impart resistance to 
the plant. The disease resistance “R” genes encode the microbe recognizing plant 
receptors. Those pathogens that cannot establish themselves in the host plant are 
called as avirulent strains of plant pathogens, and their early recognition combined 
with fast activation of plant defense mechanisms results in the inducible defense 
system (Jones and Dangl 2006). Moreover, the recognition of the avirulent strain 
determinant activates a hypersensitive response (HR) that is characterized by local-
ized PCD resulting in small necrotic lesions that efficiently restrict the spread of 
biotrophic pathogens (Heath 2000; Narasimhan et  al. 2001). In addition, plant 
defensins (PDF1.1, PDF1.2) mRNAs are expressed in response to gene for gene 
interaction (Narasimhan et al. 2001). As discussed earlier, various signaling mole-
cules like jasmonic acid, salicylic acid, ethylene, and reactive oxygen species (ROS) 
are directly involved in such inducible defense systems (Clarke et al. 2000; Kunkel 
and Brooks 2002; Hossain et al. 2007). The jasmonate/ethylene signaling pathway 
seems to be the most important mechanism in defending against necrotrophic patho-
gens. On the other hand, in order to combat against the biotrophic pathogens, plants 
recruit the salicylic acid-dependent responses (Thomma et al. 2001).

1.3	 �How Arabidopsis thaliana Recognize and Respond 
to Pathogens?

In nature, plants are exposed to a large number of pathogens, but somehow they are 
susceptible to only a few of them. This may be due to the presence of different 
defense mechanisms exhibited by the plants (Nimchuk et  al. 2003; Jones and 
Takemoto 2004). The disease resistance (R) genes that are involved in pathogen 
recognition show excessive polymorphism. This polymorphism has been speculated 
as a cause for plant resistance. In monoculture, loss of R gene polymorphism results 
in reduced resistance and increased susceptibility (Stahl and Bishop 2000). 
Arabidopsis is prone to infection by pathogens that includes viruses, bacteria, fungi, 
nematodes, and insects. As the mode of response to the pathogen attack is highly 
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conserved in higher plant species, study of Arabidopsis-pathogen interactions have 
greatly helped the scientists to understand the molecular and cellular basis of host-
pathogen interactions, disease resistance, and pathogen virulence (Andargie and Li 
2016).

As stated earlier, R genes are important for parasite recognition and initiation of 
defense mechanism. A total of 150 different R genes have been identified in 
Arabidopsis genome that are located unevenly on chromosomes with 49, 2, 16, 28, 
and 55 R gene loci on chromosome number 1, 2, 3, 4, and 5, respectively 
(Arabidopsis-Genome-Initiative 2000). These R genes encode for proteins that con-
tain nucleotide-binding (NB) domain(s) that binds to ATP or GTP along with a 
carboxy-terminal leucine-rich repeat (LRR) domain (S) that facilitate protein-
protein interactions and ligand binding. They are further classified as those that 
contain toll interleukin 1 receptor domain (TIR) or coiled-coil (CC) domain at their 
amino terminal. Thus, broadly they can be classified as TIR-NB-LRR and CC-NB-
LRR. Arabidopsis genome contains 85 TIR-NB-LRR resistance genes at 64 loci 
and 36 CC-NB-LRR resistance genes at 30 loci (Arabidopsis-Genome-Initiative 
2000). Some of these R genes carry additional domains also, like WRKY transcrip-
tion factor domain and protein kinase domain that have also been implicated in plant 
defense.

Studies were carried out to compare the defense mechanisms in plants and ani-
mals. Nitric oxide production seems to be a common response in both plants and 
mammals in conditions of biotic stress. But distinct homologue of nitric oxide syn-
thase gene was not found in Arabidopsis. REL (reticuloendotheliosis) domain tran-
scription factors or similar proteins  that are involved in innate immunity in both 
Drosophila and mammals or their homologs were not detected in Arabidopsis thali-
ana. Moreover, no homologues were detected for genes like classical caspases, 
bcl2/ced9, and baculovirus p35 that are involved in apoptosis regulation in animal 
cells; however, eight homologues of metacaspase family protein and 36 cysteine 
proteases were found in Arabidopsis (Arabidopsis-Genome-Initiative 2000; Uren 
et al. 2000). The production of reactive oxygen intermediates is a primary response 
that is common to both plant and animal during pathogen recognition. This process 
involves transfer of electrons across the plasma membrane in mitochondria to make 
superoxide by a specialized respiratory burst oxidase. In mammals, gp91 is the sub-
unit of NADH oxidase that catalyzes the final step of electron transfer to molecular 
oxygen (O2), resulting in the generation of superoxide ion (O2

−) (Yu et al. 1998). The 
Arabidopsis genome has eight functional homologues of gp91. These homologues 
are called Atrboh genes and have been implicated in plant defense response (Torres 
et al. 2002). In mammals, gp91 activity requires the action of Rac proteins, but no 
Rac or Ras proteins are found in Arabidopsis; however, a large family of rop genes 
that are related to G-proteins are present and may carry the same function. The vari-
ous pathogens of Arabidopsis thaliana, gene associated with natural variation of 
response to those pathogens and their molecular functions, are summarized in 
Table 1.1.
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Table 1.1  Various pathogens of Arabidopsis thaliana along with gene associated with natural 
variation of response to pathogen interactions and their molecular functions (Roux and Bergelson 
2016)

Pathogens of Arabidopsis
Associated gene 
locus Class of the associated gene

Viruses
Turnip crinkle virus (TCV) HRT CC-NBS-LRR protein
Cucumber mosaic virus 
(CMV)

RCY1 CC-NBS-LRR protein

Tobacco ringspot virus 
(TRSV)

TTR1 TIR-NBS-LRR protein

Tobacco etch virus (TEV) RTM1 Jacalin-like lectin protein
RTM2 Small heat shock-like protein
RTM3 MATH domain-containing protein

Plum pox virus (PPV) RTM1 Jacalin-like lectin protein
RTM2 Small heat shock-like protein
RTM3, rwm1/
rpv1

MATH domain-containing protein
Nucleus-encoded chloroplast 
phosphoglycerate kinase

Lettuce mosaic virus (LMV) RTM1 Jacalin-like lectin protein
RTM2 Small heat shock-like protein
RTM3 MATH domain-containing protein

Plantago asiatica mosaic 
virus (PAMV)

JAX1 Jacalin-like lectin protein

Watermelon mosaic virus 
(WMV)

rwm1/rpv1 Nucleus-encoded chloroplast 
phosphoglycerate kinase

Bacteria
Pseudomonas syringae RPM1/RPS3 CC-NBS-LRR protein

RPS2 CC-NBS-LRR protein
RPS5 CC-NBS-LRR protein
RPS4 TIR-NBS-LRR protein
RRS1 TIR-NBS-LRR WRKY protein
ACD6 Ankyrin-repeat transmembrane protein

Xanthomonas campestris RPS4 TIR-NBS-LRR protein
RRS1 TIR-NBS-LRR WRKY protein
RKS1 A typical kinase
AT5G22540 Protein of unknown function

Ralstonia solanacearum RPS4 TIR-NBS-LRR protein
RRS1 TIR-NBS-LRR WRKY protein
ERECTA LRR receptor-like kinase

Fungi
Elicitor from Sclerotinia 
sclerotiorum

RLP30 Receptor-like protein

Botrytis cinerea RLP30 Receptor-like protein
EGM1 Receptor-like kinase
EGM2 Receptor-like kinase
RLM3 TIR-NB protein

(continued)
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1.4	 �Arabidopsis thaliana: An Important Model Host 
for Studying Plant-Pathogen Interactions

A. thaliana is an important model host for studying plant-pathogen interactions due 
to several reasons as described earlier. Arabidopsis is susceptible to only a limited 
number of pathogens including viruses, bacteria, fungi, nematodes, and insect pests. 
Diseases resulting from these pathogens have been reported in the wild (Holub et al. 
1994, 1995; Tsuji and Somerville 1992) suggesting both the pathogen and the host 
share an ecological niche, and when the appropriate environmental conditions are 
present, disease can occur. Diseases have also been observed in a laboratory setting 
where the host is deliberately exposed to the pathogen. Regardless of the setting, 
nature, or the laboratory, Arabidopsis responds to the pathogen attack in a similar 
fashion as other higher plant species when exposed to viral, prokaryotic, or eukary-
otic pathogens (Andargie and Li 2016). Since the 1990s till today, several plants 
have been recognized as model systems for plant-pathogen interactions such as 
tobacco, tomato, etc., but A. thaliana has been used extensively as a model plant to 
have an overview of the plant-pathogen interactions with a wide variety of patho-
gens. The A. thaliana genetic system is significantly more tractable than those of the 
other plant species, which were hampered by long generation times and large, poly-
ploid, or repetitive genomes. Agriculturally important crucifers such as Brassica 
napus, Brassica rapa (oilseed rape, canola), B. oleracea, Brassica spp., European 
cabbage, cauliflower, Chinese cabbage, and radish (Raphanus spp.) are the closest 
relatives of Arabidopsis, so all the informations available can be useful for studying 
plant-pathogen interactions in these related spp. that are economically important 
crops. But molecular studies can be more complex in these spp. since they are 
mostly polyploids.

Besides, A. thaliana exhibits all of the major kinds of defense responses described 
in other plants. Furthermore, a large number of virulent and avirulent bacterial, 
fungal, and viral pathogens of A. thaliana have been deciphered (Glazebrook et al. 
1997). Mutants defective in almost every aspect of plant growth and development 
have been identified and studied by the various research groups over the world. 
Novel insights into events subsequent to pathogen recognition in A. thaliana have 

Table 1.1  (continued)

Pathogens of Arabidopsis
Associated gene 
locus Class of the associated gene

Fusarium oxysporum RFO1 Wall-associated receptor-like kinase
RFO2 Receptor-like protein
RFO3 Receptor-like kinase

Alternaria brassicicola RLM3 TIR-NB protein
Alternaria brassicae RLM3 TIR-NB protein
Colletotrichum higginsianum RPS4 TIR-NBS-LRR protein

RRS1 TIR-NBS-LRR WRKY protein
Oomycetes
Albugos candida RAC1 TIR-NBS-LRR protein
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been obtained from mutants altered in defense (Buell 1998). Several mutant groups 
in A. thaliana exist today: lesion mimic mutants, phytoalexin mutants, as well as 
enhanced susceptibility and resistance mutants. With the variety of mutants avail-
able, it is possible to determine which defense pathways are activated during patho-
gen attack and what leads to the subsequent resistance or susceptibility. As research 
progresses, the different mutants will be linked to specific genes finally leading to a 
better understanding of the various genes involved in plant response pathways 
(Glazebrook et al. 1997).

1.5	 �A. thaliana-Pathogen Interactions

Arabidopsis has been reported as a susceptible host to a range of pathogens and 
resistant to other pathogens. The findings related to defense mechanism in 
Arabidopsis have been successfully implemented in many model systems, which 
have been developed to better understand interactions between plants and patho-
gens. The primary response of Arabidopsis includes the perception of pathogens by 
cell surface pattern recognition receptors (PRRs) and is referred to as PAMP-
triggered immunity (PTI). Activation of FLS2 and EFR triggers MAPK signaling 
pathway that activates defense genes for synthesis of antimicrobial compounds. 
Arabidopsis possess specific intracellular surveillance proteins (R proteins) to mon-
itor the presence of pathogen virulence proteins. This ETI occurs with localized 
programmed cell death to arrest pathogen growth, resulting in cultivar-specific dis-
ease resistance.

1.5.1	 �Arabidopsis-Virus Interactions

Viral infections and their spread throughout a plant require numerous interactions 
between the host and the virus. Systemic viral infections in plants are complex pro-
cesses that require compatible virus-host interactions in multiple tissues. These 
interactions include viral genome replication in the cytoplasm of the initially 
infected cells, cell-to-cell movement toward neighboring tissues, long-distance 
movement through the vascular tissue, phloem unloading, and cell-to-cell move-
ment in non-inoculated systemic tissues (Carrington et al. 1996). Incompatibilities 
between virus and host factors at any of these stages could therefore lead to restric-
tions and delay establishment of a systemic infection. The utility of Arabidopsis as 
a model system has not gone unnoticed, and several viruses previously found to be 
pathogenic on crucifers have also been found to infect Arabidopsis. This model 
organism has proven to be useful to understand the relationship between the host 
plant and the virus replication and movement processes (Kunkel 1996; Yoshii et al. 
1998). Susceptible interactions between plants and viruses can result in a variety of 
visible symptoms ranging from mild stunting to overall necrosis.

Although plant viruses are among the least genetically complex pathogens, they 
use a variety of strategies to suppress or bypass host defense and infect susceptible 
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